. b (Gabriel and Boeke, 1993) . c (Levin, 1996) . d (Wang and Seeger, 1992) . e (Luan et al., 1993) . f (Zimmerly et al., 1995b) . g (Wang and Lambowitz, 1993) . h (Inouye and Inouye, 1993).
Therefore, RNase H cleavage of double-stranded RNA was previously thought to have no physiological role.
Hepatitis B Viruses
Hepatitis B viruses (hepadnaviruses) are a group of small DNA viruses that lack LTRs but nevertheless require the reverse transcription of the terminally redundant pregenomic RNA in order to replicate. The hepatitis B polymerase is an RT that has amino acid homology to the DNA polymerase and RNase H domains of retroviral RT. Despite the similarity to retroviral enzymes, the hepatitis B RTs cannot use exogenous templates and do not utilize tRNA molecules as primers. Instead, a tyrosine within the RT serves as the primer of the first DNA product, a short minus-strand DNA oligomer templated by an RNA structure (⑀) located within the terminal repeat near the 5' end of the pregenome (See Figure 1 ). The DNA oligomer is then transferred to a duplicate copy of ⑀ located at the 3' end of the RNA and minus-strand synthesis is completed (Travis and Ganem, 1993; Wang and Seeger, 1992) . Protein priming is a reaction found for DNA viruses but was unprecedented for an RT. The ability of the RT to function as a primer and a DNA polymerase suggests that specialized conformations of the enzyme may be required for each activity. Exciting atitis protein priming reaction (Hu et al., 1996) . LINE-Like Elements transcription that defines a new family of retroelements.
LINE-like elements are a diverse family of non-LTR retroIn place of a tRNA primer, the first 11 bases of the Tf1 transposons that encode an RT but lack the RNase H mRNA anneal to the PBS and a cleavage at the 12th domain as well as the protease and integrase proteins base allows the first 11 ribonucleotides to prime reverse that the LTR-containing retroelements possess (Gabriel transcription (See Figure 1) . Mutations in the 5' end of and Boeke, 1993). Phylogenetic analysis of RT sethe mRNA in combination with base changes in the PBS quences indicates that LINE-like elements are more established in in vivo experiments that formation of the closely related to group II introns and bacterial retrons mRNA loop shown in Figure 1 is not only required for than to any of the LTR-containing elements (Eickbush, transposition but also for the accumulation of minus-1994). A unique feature of LINE-like elements is that strand strong-stop DNA (Levin, 1995) . Analysis of Tf1 they possess a stretch of polyA sequence at their 3' end mRNA extracted from S. pombe cells revealed that a and are therefore considered to be a form of processed cleavage occurs between the 11th and 12th bases that psuedogene. The medical importance of LINE-like eleallows the 11 base RNA to function as the primer (Levin, ments is significant since rare cases of hemophilia A, 1996). The first 11 bases of the mRNA and the PBS are muscular distrophy, and colon cancer were shown to included in a complex RNA structure of 89 nucleotides have resulted from the insertion of the human L1 that is required for efficient cleavage of the primer (Lin transposons (Kazazian et al., 1988) . Although LINE-like and Levin, 1996) . Another surprising result from an in elements make up a large fraction of the mammalian vivo experiment was that the cleavage reaction requires genome, little was known about how they transpose. the activity of the Tf1 RNase H (Levin, 1996) . This is
The RT from the LINE-like element R2 of Bombyx mori particularly interesting because this type of RNase H was purified and found in in vitro reactions to generate dependent cleavage of double-stranded RNA has only sequence specific breaks at its target site in the rDNA been observed for retroviral RT enzymes that are incurepeat. The nicks in the noncoding strand were shown in vitro to be primers for reverse transcription of an R2 bated in nonphysiological concentrations of MnCl 2 .
to measure L1 activity in cultured cells will be invaluable as many aspects of L1 transposition are still unknown.
Group II Introns
At first glance there are few similarities between LINElike transposons and group II introns, and yet the recent analysis of a particular group II intron that also encodes an RT shows this enzyme has several properties in common with the RTs of LINE-like transposons. Group II introns are thought to be the progenitors of spliceosomal introns and are present in bacteria as well as mitochondria and chloroplasts, organelles that evolved from endosymbiotic bacteria. A subclass of group II introns encode RTs and during genetic crosses new copies of the introns transpose specifically into unoccupied alleles of the original gene. Besides it role in transposition, the intron-encoded protein also serves as a maturase for the removal of the intron from the pre-mRNA. The RT encoded by the intron aI2 in the COX1 gene of S. cerevisiae mtDNA was recently found to catalyze a type of target-primed reverse transcription similar to the mechanism of R2. An in vitro system was used to reveal that both the aI2 RT and intact intron RNA are required to create a double-stranded DNA cut at the target site (Zimmerly et al., 1995b ). An endonuclease domain in the Neurospora. They each encode a single 81 kD protein that possesses RT activity and presumably serves to transcript (Luan et al., 1993) (See Figure 2) . Once reverse reverse transcribe mRNA into double-stranded circular transcription is complete it is proposed that the coding copies of the plasmids. The plasmid transcripts end in strand of the target site is also cut. This unusual mecha-CCA and contain a tRNA-like structure at their 3' end nism is referred to as target-primed reverse transimilar to that found at the 3' end of plant viral RNAs. scription.
The RNA dependent RNA polymerases of plant viruses Two new studies of the human LINE element L1 conrecognizes this 3' tRNA-like structure and initiate RNA tain important results that indicate that the target-primsynthesis without a primer. An important study of the ing mechanism of R2 may very likely apply to most Mauriceville RT indicated that in vitro, it not only has varieties of LINE-like transposons. An endonuclease dothe ability to use primers to initiate DNA synthesis but main was identified in the N terminus of the L1 RT that also has the unprecedented ability for a DNA polymerase is highly conserved among many LINE-like elements to initiate DNA synthesis without a primer (Wang and (Feng et al., 1996) . The in vitro analysis of the L1 endonuLambowitz, 1993) (See Figure 2) . As evidence for this it clease domain (EN) revealed that it cleaves target DNA was shown that if and only if the tRNA-like structure with the same loose sequence preference that is seen was present at the 3' end of an RNA template, purified at L1 insertion sites in the human genome. Mutations RT generated DNA products even when dGTP or dG (2' in the conserved residues of EN abolished the nuclease deoxyguanosine) was incorporated as the first nucleoactivity observed in vitro. The ability of the EN domain to tide. The unique ability of the Mauriceville RT to initiate cleave DNA in vitro at sequences similar to true insertion DNA synthesis de novo suggests that this enzyme could sites and the extensive conservation of this domain in represent a primitive RT that evolved from an RNA repmany other LINE-like elements suggests that most if licase. not all LINE-like elements transpose by priming reverse Retrons transcription from a cut made in the target site by the Although the RTs encoded by Mauriceville and group RT. The identification of 2 active copies of L1 and the II introns are thought to have evolved from bacterial development of a transposition assay in HeLa cells led sources, strong support for this came only after RT ento the finding that both the EN and RT domains were coding elements were discovered in bacteria. In myxobacteria and in E. coli, the chromosomal loci known as required for transposition (Moran et al., 1996) . The ability retrons encode RTs that are more closely related to the initiation of reverse transcription may be sensitive to stimuli such as cell-cycle or the nutritional state of the RTs of group II introns and the mitochondrial plasmids than to LTR-element RTs. In addition, retrons encode host. Mechanisms that regulate reverse transcription once identified could serve as models for the control of multicopy single-stranded DNAs (msDNA) that are linked at their 5' end to a short RNA molecule by a DNA replication in eukaryotic cells. 2',5'-phosphodiester linkage. The 2',5'-phosphodiester
